I
nflammation and pyroptosis, a specialized form of cell death, are key responses of the innate immune system to pathogens. To avoid excessive damage to the host organism, pyroptosis is tightly regulated by the activation of inflammatory caspase proteins, such as caspase-1 and caspase-11 -but how these caspases initiate this cell-death program has been unknown. In this issue, Shi et al. 1 (page 660) and Kayagaki et al. 2 (page 666) show that caspase-mediated cleavage of the protein gasdermin D creates an amino-terminal fragment that has intrinsic pyroptosis-inducing activity.
Caspases are a family of enzymes best known for controlling apoptosis, a well-characterized type of cell death that is vital for embryonic development and tissue homeostasis in adults. A subgroup, comprising caspase-1, -11 and -12 in mice and caspase-1, -4, -5 and -12 in humans, controls the inflammatory response to pathogens and noxious stimuli in the cytoplasm of host cells. These inflammatory caspases are produced as inactive monomers and become activated when recruited to multiprotein complexes known as inflammasomes 3 . 'Canonical' inflammasomes activate caspase-1 and are assembled by cytoplasmic sensors, such as the NOD-like receptors, which detect diverse pathogen-and host-derived danger signals. By contrast, the bacterial cell-wall component lipopolysaccharide (LPS), one of the strongest immune-system activators, leads to the assembly of 'non-canonical' inflammasomes 4 through direct binding and activation of caspase-4, -5 or -11.
Although the signals leading to inflammasome assembly are quite well understood, the downstream signalling events that follow the activation of inflammatory caspases are poorly characterized. Initial work identified the proinflammatory cytokine protein IL-1β as a key substrate of caspase-1 in the canonical inflammasome pathway. Subsequent studies discovered that inflammatory caspases also induce a programmed cell-death pathway, which involves cell swelling, lysis and the release of cytoplasmic content, presumably as a result of the formation of membrane pores, and is thus morphologically distinct from apoptosis. Shi et al. 1 and Kayagaki et al. 2 show that caspase-11 cleaves the protein gasdermin D, releasing its aminoterminal domain from inhibition by its carboxy-terminal domain. The N-terminal domain (directly or indirectly) drives pyroptosis, a cell-death process that causes cell lysis and the release of cytoplasmic content. b, The canonical inflammasome pathway is triggered by different cytoplasmic sensor proteins, which detect pathogens and inflammatory agents. These recruit pro-caspase-1 monomers through the adaptor protein ASC and activate the caspase by dimerization. The findings of the two groups suggest that caspase-1 can also initiate pyroptosis by cleaving gasdermin D, although other pyroptosis-inducing caspase-1 substrates may exist. Caspase-1 also processes the pro-inflammatory cytokine pro-IL-1β to generate mature IL-1β, which is presumably released by cell lysis during pyroptosis.
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Pro-caspase-1 Because this type of cell death is intrinsically pro-inflammatory, it was named pyroptosis, from the Greek pyro (fire or fever) and ptosis (to fall) 5 . Yet despite the identification of many potential caspase-1 substrates, the key molecules involved in pyroptosis have remained a mystery. Kayagaki et al. took a different tack, using mice subjected to random mutation (through ENU mutagenesis) to find mediators of caspase-11-dependent non-canonical inflammasome signalling. Strikingly, both groups identified the same gene, Gsdmd, which encodes gasdermin D, a member of the poorly characterized gasdermin protein family. They confirmed their screening results through several experimental approaches, demonstrating that gasdermin D is essential for pyroptosis induced by non-canonical inflammasome activation in mouse and human cells (Fig. 1a) . Kayagaki et al. also show that Gsdmd deficiency reduces LPS-induced lethality in mice, which is known to depend on caspase-11-induced pyroptosis.
Although both groups find that gasdermin D is essential for pyroptosis induced by caspase-4, -5 or -11, their results diverge on the requirement of gasdermin D for pyroptosis resulting from caspase-1 activation (Fig. 1b) . Confirming the results of their CRISPR/Cas9 screen that identified Gsdmd as an essential Another enigma in the inflammasome field is the release of mature IL-1β after it has been cleaved by caspase-1. IL-1β lacks the aminoacid sequence that would direct it to the Golgi apparatus 6 , a cellular substructure that mediates protein secretion, so it is thought to be released by an unconventional secretion mechanism. Shi et al. show that, in Gsdmddeficient macro phages, caspase-1 activity and IL-1β processing were not affected after canonical inflammasome activation, but secretion of the mature cytokine was completely abrogated. These results strongly support the hypothesis that IL-1β is released following pyroptotic lysis of the cell.
NEWS & VIEWS
How do inflammatory caspases activate gasdermin D to induce pyroptosis? Consistent with the previous identification of the protein as a caspase-1 substrate 7 , both groups noted that gasdermin D is cleaved by caspase-1 or caspase-11 at the aspartate 276 amino-acid residue following canonical or non-canonical inflammasome activation, and that mutation of this cleavage site completely abolished pyroptosis. The N-terminal domain that was left after cleavage was sufficient to induce cell death showing morphological features of pyroptosis, and the carboxy-terminal domain was found to bind the N-terminal domain if the former was overexpressed, blocking cell death. These results are consistent with the hypothesis that caspase-dependent cleavage releases the N-terminal domain of gasdermin D from an inhibitory interaction with its C-terminal domain, thereby unleashing its cell-killing properties.
Finally, the studies highlight the role of other gasdermin family members in pyroptosis. In mice, gain-of-function mutations in Gsdma3 cause skin thickening and hair loss that is associated with chronic skin inflammation 8 . Shi et al. show that these mutations abrogate the interaction between the C-and N-terminal domains of gasdermin A3, and that the N-terminal domain of this protein also induces pyroptosis. Because only gasdermin D, and no other gasdermins, features a caspase cleavage site, further research is necessary to understand the context and mechanism of this seemingly similar activation process.
The identification of gasdermin D as a key mediator of pyroptosis is a conceptual advance in our understanding of how inflammatory caspases cause cell death. The studies present compelling evidence that caspaseinduced cleavage of a single substrate, and not a spectrum of different substrates, is sufficient to induce pyroptosis and all the associated morphological features -similar to the action reported for two substrates of apoptotic caspases, ATP11C (ref. 9 ) and ROCK1 (refs 10, 11) . Precisely how the gasdermin D N-terminal domain exerts its cytotoxic function should be addressed in future studies. Does it simply relay the signal to yet-unknown pyro ptosis inducers, or might the fragment itself be an executioner of cell death, like the pseudo kinase protein MLKL, for example, which drives necro ptotic cell death by forming pores in the cell membrane 12 ? Elucidating the mechanism of gasdermin D's cytotoxic activity is likely to bring further exciting discoveries, and could pave the way for therapeutic approaches for 
PHOTONICS
Random sudoku light
A clever approach has been used to imprint a phase pattern on a laser beam. The pattern is not only random at each point, but also depends on information stored elsewhere in the pattern.
TO N I E I C H E L K R A U T & A L E X A N D E R SZ A M E I T
I magine that you are stuck in traffic. What determines your options? Only the car directly in front of you: if it travels slowly, you drive slowly; if it stops, so must you. However, your decisions are independent of all other drivers' decisions. This observation has profound physical consequences, because it leads to the distinction between two classes of random physical system, known as Markovian and non-Markovian after the mathematician Andrey Markov 1 . Traffic jams are Markovian systems, and, so far, this has also been the case for light that has a random spatial distribution in intensity or phase. Writing in Physical Review Letters, Fischer et al. 2 report the first experimental demonstration of non-Markovian light.
The behaviour of each member of a Markovian system is determined only by its nearest neighbours. By contrast, each member of a non-Markovian system depends on the behaviour of a larger region, or even of the entire system. Light fields that have random spatial distributions of phase have so far been generated exclusively as the Markovian type, using processes such as scattering in diffusive optical media 3 . Fischer and colleagues use a clever phase-imprinting approach to form a light field that has a fully random phase at each spatial point and a local random nature that is determined not only by the nearestneighbouring points, but also by regions that are farther away.
Markov originally formulated his groundbreaking theory with dynamically evolving, random systems in mind. He formalized the treatment of an important feature of such systems: how a system's 'memory' of its previous states affects its future states. Markov realized that, in a system that has no memory, future events can be predicted solely on the basis of the system's present state: the defining property of a Markovian process is that the past and the future are mutually independent. Examples include the motion of dust floating in the air, a sequence of simple coin tosses or the PageRank algorithm that Google uses to search the Internet. The defining property of a Markovian process can be generalized for systems that have random spatial distributions, the traffic jam being one of the simplest examples.
As an example of a random non-Markovian
